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(Roxb.) leaves on cancer cell lines. Materials and methods: Cordia monoica (Roxb.) belongs 
to Boraginaceae family and is commonly known as sand paper. The flowers are cream in color 
and turn brown on drying. The leaves of the plant have a texture of sandpaper. The Leaves of 
C. monoica was extracted with ethanol and subjected for in-vitro anti-tumor studies. The ín- 
vitro Cytotoxicity screening was carried out with HeLa E 139 cell line using MTT assay. 
Result: The study indicated that the extract is toxic to the cell at higher concentration and was 
dose dependent. The plant extract has cytotoxic effects on HeLa E 139 cell line as concentration 


increases. Conclusion: Hence, the present study supports C. monoica (Roxb.) can be a potent 
anti-cancer herb if it is exploited. 


Introduction 


Cancer known as malignant tumor is a dreadful disease 
that results in an abnormality of cells internal regulation. 
The growth and division of the cell are under 
uncontrollable proliferation in an autonomous fashion and 
thus leads to a progressive increase in the number of 
dividing cells [1-2]. They can invade into nearby tissues 
or to distant organs by a process termed as Metastasis [3- 
4]. 

Cancer occurs by a single cell in a tissue and is classified 
based on the type of cell that the tumor cells resemble and 
are therefore presumed to the origin of tumor [5]. Benign 
tumors differ from cancer in that it will be localized, self 
limited and doesn’t metastasize. Many diseases such as 
heart failure may have a worse prognosis than most cases 
of cancer. Cancer is the subject of widespread fear and 
taboos around the globe. There are 200 different types of 
cancer that afflict humans [6]. The cancer cells are 
produced due to changes in DNA of the cells (Mutation) 
that are transformed [7]. Cancer is caused by internal 
factors and external factors [2, 8]. 

An extremely promising strategy for cancer prevention 
today is chemoprevention. It is defined as treatment of 
cancer in humans with the use of synthetic or natural 
agents (alone/combination) [9]. It is one of the most 
effective methods of cancer treatment. However, 
chemotherapeutic agents affect the normal cells severity. 
Hence the use of natural products has been contemplated 
of exceptional value in the control of cancer and its 
eradication program [4, 10]. Drug discovery from 


medicinal plants have been playing a crucial role in 
combating cancer over the last half century [11]. 

There are two main strategies for the selection of anti- 
cancer agents- random screening and ethno-medical 
knowledge. In the cancer drug discovery program, a 
paradigm between ethano-botanical and ethno- 
pharmacological data would be more economical. The 
benefit is being for identifying potential anti-cancer 
molecules than mass screening of plant species [12-13]. 
The main source of cancer chemoprevention drug 
discovery and development is the folk and traditional. 
The usage of a variety of plants, vegetables and herbs has 
more effects on the disease [10]. In Ayurveda, with the 
use of nutritional supplements or by use of herbs 
treatment for chemotherapy is well documented, that has 
been commonly practiced in India [14]. Plants have been 
regarded as a potential source of chemoprevention for 
cancer [15-16]. In recent years plant derived natural 
products such as flavonoids [17], terpenes [18] and 
alkaloids [19] have received massive attention due to 
their diverse medicinal properties including cytotoxic and 
cancer chemo preventive effects [20]. 

The literature assessment on the ethano-botanical 
information revealed that the Boraginaceae family 
consists of small trees or shrubs that have more medicinal 
value. These plants have been used to treat various 
disorders in traditional and folk medicine. Most of the 
species are yet to be evaluated. In India around 13 species 
of Cordia genus was brought into being. The plant Cordia 
monoica Roxb. belongs to Boraginaceae family. It is a 
much branched bush, shrub or tree with a height of 6-12m 
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[21-22]. It is commonly known as sand paper saucer- 
berry or Snot berry [23]. The plant is widely distributed in 
South India [24]. The fruits are orange in color and pulp 
is edible, which is sweet and gummy [25]. 

The Cordia monoica Roxb. roots were used in treating 
vomiting and malaria [26]. In siddha medicine, the leaves 
were used to treat eye diseases [27]. The whole plant is 
also used for virtual medicine [28]. The stem bark and 
leaves were also used in the treatment of leprosy [29-31]. 
The leaves were used in treatment of chest pain [32] and 
throat infection. The leaves of the plant were used to treat 
MICH, a febrile disease which has symptoms of fever, 
headache, sweating [33]. The fruits of the plant are edible 
and eaten raw [34]. The plant is also used as fodder [35]. 
The leaves and stem were also used to treat back aches, 
viral infections [36-37]. In Sri Lanka, people use C 
monoica leaf and bark for the treatment of ulcer and boils 
[38]. The bark is also used to treat conjunctivitis [39]. 

In Pharmacological studies, C. monoica root extract were 
reported to possess significant anti-inflammatory activity 
and analgesic activity [40]. The methanolic extract of the 
stem have been reported with potent anti-ulcer activity 
than chloroform and ethyl acetate extract [41]. As per 
OECD — 423 guidelines the extracts of both root and stem 
did not show signs of mortality in rats [40-41]. The stem 
extract and leaf extract have been studied for anti- 
microbial and anti- uterine activity. It has been reported 
that the chloroform extract of C. monoica leaves has mild 
anti-uterine activity [42]. The methanolic extract of C. 
monoica leaves exhibited higher zone of inhibition 
against Pseudomonas aeruginosa and the phytochemical 
analysis revealed the presence of tannin, saponin and 
terpenoids [43]. The leaf preparations of several species 
of Cordia are used in traditional medicine as remedies for 
some tumoral formations [44-45]. Hence, in the present 
study, the in-vitro anti-cancer activity of ethanolic extract 
of C. monoica leaves was evaluated. 


Experimental 


Materials and methods 

Collection of plant material 

Cordia monoica Roxb. belonging to Boraginaceae family 
is a shrub, widely distributed in most districts of Tamil 
Nadu on rocky hill sides. The plant materials were 
collected during the month of June. The leaves of the 
plant were collected from Maruthamalai Hills of 
Coimbatore, Tamil Nadu, India. Flowering shoots of the 
plants were also collected for identification. The collected 
plant material was identified and their authenticity was 
confirmed by comparing the voucher specimen at the 
Botanical survey of India, Coimbatore, Tamil Nadu, India 
(BSI/SRC/5/23/2014-15/Tech/512). The collected 
specimens were deposited in the Department of 
Biotechnology, Sri Ramakrishna College of Arts and 
Science, Coimbatore, Tamil Nadu, India. 


Shade drying of the collected leaf materials 

The collected leaves were cleaned to remove adhering 
dust and then dried under shade. Then the dried leaves 
were powdered in mechanical grinder fine enough to pass 
through a No.40 sieve for powder analysis. Coarse leaf 
powder was used for further extraction process and 
pharmacological studies. 


Chemicals used 

Analytical/ laboratory reagent grade chemicals were used 
for the studies, which were purchased from the following 
manufactures and used without further purification. 
Ranbaxy Laboratories Ltd., Chemical division, Punjab. 
S.D. fine —-Chem Ltd, Bisor. 

Fischer inoganies & Aromatics, Madras. 

Qualigens Fine Chemicals, Mumbai. 

E.Merck (India) Ltd., Mumbai 


Extraction process 

50gm air dried coarse leaf powder was mixed with 100 
ml of ethanol. The extraction was carried out in a closed 
macerated flask for 24 hours, shaking frequently during 
the first 6 hours and allowed to stand for 18 hours. 
Thereafter, the mixture was filtered rapidly taking 
precautions against loss of the solvent. 25ml of the filtrate 
was evaporated to dryness in a tarred flat bottomed 
shallow dish. The extract is stored and used for further 
analysis [46-47]. The extractive yield value was 1.98% 
w/w. 

A great number of in-vitro methods have been employed 
to study on antitumor efficacy of plant extract or pure 
compounds. Jn-vitro methods like LDH (Lactate 
dehydrogenase) assay, XTT assay, Sulforhodamine B 
assay, MTT assay, Tryphan Blue dye exclusion assay is 
most commonly used for estimating anti-cancer 
properties of natural products. Among all MTT assay is 
most popular for estimating anti-cancer activity. 


Cell line 

The human cervical cancer cell lines (HeLa E139) was 
obtained from National Centre for Cell Science (NCCS), 
Pune and grown in Eagles Minimum Essential Medium 
containing 10% foetal bovine serum (FBS), 1% non- 
essential amino acids, sodium pyruvate, sodium 
bicarbonate and 2mM glutamine. The cells were 
maintained at 37°C, 5% CO2, 95% air and 100% relative 
humidity. Maintenance cultures were passaged weekly, 
and the culture medium was changed twice a week. 


Cell treatment procedure 

The monolayer cells were detached with trypsin- ethylene 
diamine tetra acetic acid (EDTA) to make single cell 
suspensions and viable cells were counted using a 
hemocytometer and diluted with medium containing 5% 
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FBS to give final density of 1x105 cells/ml. 100 
microlitres per well of cell suspension were seeded into 
96-well plates at plating density of 10,000 cells/well and 
incubated to allow for cell attachment at 37°C, 5% CO», 
95% air and 100% relative humidity. After 24 h, the cells 
were treated with serial concentrations of the test 
samples. They were initially dissolved in neat dimethyl 
sulfoxide (DMSO) and an aliquot of the sample solution 
was diluted to twice the desired final maximum test 
concentration with serum free medium. Additional four 
serial dilutions were made to provide a total of five 
sample concentrations. Aliquots of 100ul of these 
different sample dilutions were added to the appropriate 
wells already containing 100ul of medium, resulting in 
the required final sample concentrations. Following 
sample addition, the plates were incubated for an 
additional 48 hr at 37°C, 5% CO2, 95% air and 100% 
relative humidity. The medium containing without 
samples were served as control and triplicate was 
maintained for all concentrations [48]. 


MTT assay 

After 48 hr of incubation, 15ul of MTT (S5mg/ml) in 
phosphate buffered saline (PBS) was added to each well 
and incubated at 37°C for 4h. The medium with MTT was 
then flicked off and the formed formazon crystals were 
solubilised in 100u1 of DMSO and then measured the 
absorbance at 570 nm using micro plate reader [49]. The 
percentage cell inhibition was determined using the 
following formula. 

% Cell Inhibition = 100- Abs (sample)/Abs (control) 
x100. 


Morphological changes 

The cell morphology was observed under light 
microscope to spot the percentage of cell shrinkage and 
signs of apoptosis [50]. 


Statistical analysis 

Non-linear regression graph was plotted between % Cell 
inhibition and Log concentration and ICso was determined 
using Graph Pad Prism software. 


Results and discussion 


Results 

Table 1 and 2 shows the Cytotoxicity properties of C. 
monoica ethanolic leaf extract on HeLa E 139 cell line by 
using MTT assay. The ethanolic extract of C. monoica 
leaves showed potent cytotoxicity against the cancer cell 
line HeLa E139 and the percentage activity was measured 
using MTT assay. The percentage inhibition was found to 
be increasing with increasing concentration of the C. 
monoica leaf extract. The extract exhibited a dose 
dependent activity (Figure 1). The death rate of HeLa 
E139 cell line was most prominent at a dose of 200ug/ml 
ethanolic extract of C. monoica leaves. The inhibition 
was about 100% with a regression of R2 0.997. The ICso 
value was found to be 67.19ug/ml. Figure 2 describes the 
microscopic examination of treated cell lines at different 
concentrations. This showed that C. monoica leaves 
possess strong cytotoxicity against the cancerous cell 
lines. The morphology of HeLa E 139 cell lines on 
treatment with C. monoica extract showed cell shrinkage, 
apoptosis and clumping of cells. Macrophage 
differentiation, cell adhesion and the growth of cells was 
inhibited at high concentration of 200uUg/ml. 


Table 1. In-vitro cytotoxic activity of Cordia monoica Ethanolic Leaf Extract on HeLa E 139 cell line 
CML Concentration (ug/ml) 


Control 12.5 ug 
Absorbance 1 0.578 0.575 
Absorbance 2 0.577 0.577 
Absorbance 3 0.573 0.568 
Average of 0.576 0.57 


Absorbance 


25 ug 50 ug 100 ug 200 ug 
0.552 0.444 0.111 0 
0.559 0.429 0.105 0 
0.569 0.436 0.095 0 
0.56 0.436 0.10 0 


The values are mean + Standard Error Mean (n=3).CML-Cordia monoica ethanolic leaf extract 


Table 2. Percentage of Cell Inhibition and ICs value of Cordia monoica Ethanolic Leaf Extract 


Concentration of CML % Cell Inhibition ICso R? 
Extract (ug/ml) 

12.5 0.46 67.19 ug/ml 0.9997 
25 2.78 

50 24.25 

100 82.00 

200 100 


CML-Cordia monoica ethanolic leaf extract. The values are mean + Standard Error Mean (n=3) 
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Figure 1. Percentage of Cell inhibition of Cordia monoica Ethanolic leaf extract. 


Control 12.5ug/ml CML Extract 


25 ug/ml CML Extract 50 ug/ml CML Extract 


100 ug/ml CML Extract 200 ug/ml CML Extract 
Figure 2. Microscopic examination of control and treated HeLa E-139 Cell lines at different concentrations of CML 
(C. monoica ethanolic leaf extract). 
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Discussion 


The in-vitro anti-cancer activities of ethanolic C. monoica 
leaf extract was tested using MTT assay on HeLa E139 
cell line. It induced the apoptosis of cancer cells by 
destroying the mitochondrial membrane [51]. Succinate 
dehydrogenase, a mitochondrial enzyme in living cells 
cleaves the tetrazolium ring, converting the MTT to an 
insoluble purple formazon. The amount of formazon 
produced is directly proportional to the number of viable 
cells [52]. The resulting intracellular purple formazon can 
be solubilised and quantified by spectroscopic methods 
[53]. The activity might be dependent upon the 
morphology of cell lines and mechanism of action of the 
plant extract. Many anti-cancer drugs are effective against 
HeLa E139 Cells by causing apoptosis through 
expression of caspase-3 generating reactive oxygen 
species and damaging DNA [54, 55]. HeLa cell lines are 
also reported to contain Human papilloma Virus 18 (HPV 
18) sequences, normal expression of pRB (retinoblastoma 
suppressor) and a low expression of p53. The p53 gene 
appears to trigger apoptosis as a way of regulating 
uncontrolled cellular proliferation in the setting of 
aberrant growth signals [56]. 

The results were in accordance with a recent study by 
Endalkachew and Michael [57] who reported the 
cytotoxic effect of methanol and chloroform extract of C. 
monoica Roxb. leaves. The assay was carried out with 
HL-60 cell lines. The ICso value of methanol extract was 
found to be 53.2ug/ml and with chloroform extract the 
value was 219.9ug/ml. The result was in comparison with 
standard drug Diminazene aceturate. This study strongly 
correlates with the present in-vitro assays. However, it is 
also important to perform many other studies, both in- 
vitro and in-vivo to determine their true potential for 
development of medicines. The Cell’s ability to overcome 
a toxic insult has been the source of most cytotoxic 
assays. Morphological changes like shrinkage of cells, 
adhesion of cell lines to surface and inhibition of cell 
growth when treated with C. monoica leaf ethanolic 
extract is a sign for anticancer property [50]. 

Preliminary phytochemical analysis of C. monoica Roxb. 
leaves were carried out with ethanolic extract and the 
bioactive compounds such as flavanoid, phenol, tannin 
and steroid were determined. Further, the ethanolic 
extract of C. monoica Roxb. leaves also exhibited potent 
anti-oxidant property [58]. The Gas Chromatography- 
Mass Spectroscopic analysis concluded the presence of 
bioactive phytochemical compounds in the plant. It was 
reported that the concentrated ethanol extract contains a 
variety of bioactive compounds such as 2,7,12,17- 
tetrabrom-(allas) cyclotetrathiophen (2,7,12,17- 
tetrabromcycloocta[ 1,2-b:4,3-b':5,6-b":8,7-b"’] 
tetrathiophen., Nonacosane, carotene, neophytadiene, 
Lycopene 7,n- Hexadecanoic acid, Octadecanoic acid, 
Phenol 3-pentadecyl, Heptacosane, Tetracosahexane 


hexamethyl (CAS), Benzofuran and Carotene[59]. [58]. 
Hence, the reported cytotoxic property may be due to 
phenolic content and flavonoid content [60-61]. The 
study justifies the use of C. monoica leaves as an anti- 
oxidant, anti-inflammatory and anticancer agent in herbal 
medicine. 


Conclusion 

The present study indicates the therapeutic potential of C. 
monoica leaf extract and justifies the use of C. monoica 
leaves in traditional medicine. The GC-MS studies also 
reveal the presence of various bioactive constituents 
which may be responsible for pharmacological activities. 
Further studies may be needed to separate and 
characterize these bioactive compounds which in turn 
lead to the production of a novel anti-cancer drug. 


Acknowledgement 

The authors are grateful to the Management, Principal 
and Faculty of Department of Biotechnology, Sri 
Ramakrishna College of Arts and Science 
(Autonomous), Coimbatore for providing technical 
facilities. 


References 


1. Wayne MB, Lewis JK and Teff H: The World of the cell. 6th ed., 
Benjamin Camming, New York 2006; 829E:39. 

2. Devi M and Latha P: Antitumor activity of methanolic extract of root of 
Decalepis hamiltonii in Dalton’s Lymphoma Ascites (DLA) bearing mice. 
Internation! Journal of Pharmaceutical Sciences and Research 2013; 
4(5):1764-1772. 

3. Jemal A, Murray T and Ward E: Cancer statistics, Cancer J Clin 2005; 55: 
10-30. 

4. Ahammed Shameem, Royal Frank P, Shafeeq Mohamad, Noby T John, 
Rahul B and Maliekal: Anticancer Activity of Ethyl Acetate Extract of 
Dysoxylum malabaricum bedd, Bark against Dalton’s Ascites 
Lymphoma. International Journal of Universal Pharmacy and Biosciences 
2013; 2(5): 487-499. 

5. Nishant Manglani, Shilpa Vaishnava, Dhamodaran P and Hemant 
Sawarkar: Invitro and invivo anti cancer activity of Leaf Extract of 
Barleria grandiflora. International Journal of Pharmacy and 
Pharmaceutical Sciences 2014; 6(3):70-72. 

6. Rajkumar V, Guha G and Kumar A: Anti-oxidant and Anti-Neoplastic 
activities of Picrorhiza kurroa extract. Food Chem Toxicol 2011; 49: 368- 
369. 

7. Kinzler, Kenneth W, Vogelstein and Bert V: "The genetic bases of 
humane cancer" 2nd illustrated, revised ed. New york Mc Graw-Hill, 
Medical Pub. Division. 2002; 5. 

8. Kuper H, Boffetta P and Adami H.O: Tobacco use and cancer causation, 
association by tumor type. J Int Med 2002; 252:206-224. 

9. Anand G, Sumithira G, Chinna Raja, R, Muthukumar A and Vidhya G: In 
vitro and in vivo anti-cancer activity of hydro- alcoholic extract of 
Ipomoea carnea leaf against Ehrlich Ascites Carcinoma cell lines. 
International Journal of Advanced Pharmaceutical Genuine Research. 
2013; 1(1): 39-54. 

10. Sheetal Verma and Singh SP: Current and future status of herbal 
medicines. Vertinary World. 2008; 1(11): 347-350. 

11. Newman DJ, Cragg GM and Snader KM: Natural products as sources of 
new drugs over the period 1981-2002. J Nat Prod. 2003; 2: 63-66. 

12. Merghoub N, Laila B, Amzazi S, Morjani H and El mzibri M: Cytotoxic 
effect of some Moroccan medicinal plant extracts on human cervical cell 
lines. Journal of Medicinal plants research 2009; 3:1045-1050. 

13. Khakdan Fatemeh and Piri Khosro: In vitro Cytotoxic Activity of 
Aqueous Root extract of Althea kurdica against Endothelial Human Bone 
marrow cells (line k562) and human Lymphocytes. Bulletin of 
Environment. Pharmacology and Life Science 2013; 2(6):23-29. 


36 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22; 


23; 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32; 


33. 


34. 


39. 


36. 


37. 


38. 


39. 


40. 


A. Dhivya etal., JIPBS, Vol 5 (2), 32-37, 2018 


Dahanukar SA, Kulkarni RA and Rege NN: Pharmacology of medicinal 
plants and natural products. Indian Journal of Pharmacology 2000; 
32:S81-S118. 

Graham JG, Quinn ML, Fabricant S and Fransworth NR: Plant used 
against cancer an extension of the work of Jonathan Hartwell. J. 
Ethanopharmacol. 2000; 73:347-377. 

Liu RH: Potential synergy of phytochemicals in cancer prevention: 
mechanism of action. J Nutr. Dec. 2004; 134(12): 3479S-3485S. 
Osawa T, Kawakishi S, Namiki MY, Shankel DM and Waters MD: 
(Eds.), Anti-mutagenesis and Anti-carcinogenesis Mechanisms H. 
Plenum, In: Kuroda New York. 1990; 139-53. 

Giulia DC, Nicola M, Angelo AI and Francesco C: Flavanoids: Old and 
new aspects of a class of natural therapeutic drugs. Life Science 1999; 
65:33-353. 

Keith, MW, Sally AL, Michael WS, Thomas JG and Garry MM: Taxus 
Spp. Needles contain amounts of taxol comparable to the stem bark of 
taxus brevifolia: analysis and isolation. J Nat Prod 1990; 53: 1249-1255. 
DeFeudis FV, Papadopoulos V, Drieu K and Ginko biloba: Extracts and 
cancer, a research area in its infancy. Fundam Clin Pharmacol. 2003; 17: 
405-417. 

Polhill RM: Flora of Tropical East Africa- Boraginacea. The East African 
Govts, 1991;15 

Bein E, Habte B, Jaber A, Birnie A and Tengnas B: Useful Trees and 
Shrubs in Eritrea. Regional Soil Conservation Unit: Nairobi. 1996. 

Hyde MA, Wursten BT, Ballings P and Coates Palgrave M: Flora of 
Zimbabwe: Species information: Cordiamonoica. 2014; 
http://www.zimbabweflora.co.zw/speciesdata/species.php?species_id=14 
8220. 

Nadkarni AK, Nadkarni's Dr KM: Indian Materia Medica with ayurvedic, 
unani- tibbi, siddha, allopathic, homeopathic, naturopathic & home 
remedie. Popular Prakashan, Bombay, India. 3rd ed, 1976; 1 & 2. 

David, Sally Johnson and Geoff Nichols: Down to Earth- Gardening with 
Indigenous Shrubs. 1st ed. Struik Publishers 2002; 37. 

Glover PE, Stewart J, Gwynne Masai MD and Kipsigis: Notes on East 
african plants, Part III - Medicinal uses of plants. East African agricultural 
and forestry journal 1966; 32(2): 200-207. 

Bein E, Habte B, Jaber A, Birnie A and Tengnas B: Useful Trees and 
Shrubs in Eritrea. Regional Soil Conservation Unit: Nairobi; 1996. 
Umberto Quattrocchi: CRC World Dictionary of medicinal and poisonous 
plants: A-C. CRC Press, US. 2000; 5: 1124 

Hedberg I, Hedberg O, Madati PJ, Mshigeni KE, Mshiu EN and 
Samuelsson G: Inventory of plants traditional medicine in Tanzania. I. 
Plants of the families Acanthaceae - Cucurbitaceae. Journal of 
Ethnopharmacology 1982; 6: 29 — 60. 

Kokwaro JO: Some common african herbal remedies for skin diseases: 
with special reference to Kenya Medicinal and poisonous plants of the 
tropics. Proceedings of symposium of the 14th International botanical 
congress, Berlin. 1987; 44-69. 

Ruffo CK, Birnie A and Tengnas B: Edible Wild Plants of Tanzania, 
Regional Land Management Unit, Nairobi, ISBN 9966-896-60-0: 2002; 
204-205 

Pradheeps M and Poyyamoli G: Ethnobotany and utilization of plant 
resources in Irula villages (Sigur plateau, Nilgiri Biosphere Reserve, 
Indian Journal of Medicinal Plants Research. 2013; 7(6): 267-276. 

Giday M: An ethnobotanical study of medicinal plants used by the Zay 
people in Ethiopia. CBM:s Skriftserie 2001; 3: pp 81 — 99. 

Bossard E: Quelques notes sur l'alimentation et les apports nutritionnels 
occultes en Angola. Garcia de Orta, Sér. Bot., Lisboa, 1996; 13(1): 7 — 41. 
Bussmann RW: Ethnobotany of the Samburu of Mt. Nyirun South 
Turkana, Kenya. Journal of Ethnobiology and Ethnomedicine 2006; 2:35 
Wondimu Tigist, Asfaw Arsi and Kelbessa Ensermu: Ethnobotanical 
study of medicinal plants around 'Dheeraa' town, Arsi Zone, Ethiopia. 
Journal of Ethnopharmacology 2007; 112:152 

Muthee JK, Gakuya DW, Mbaria JM, Kareru PG, Mulei CM and Njonge 
FK: Ethnobotanical study of antihelmintic and other medicinal plants 
traditionally used in Loitoktok district of Kenya. Journal of 
Ethnopharmacology 2011; 135:15-21. 

http://www. instituteofayurveda.org/plants/plants_detail.php?i=259&s=Fa 
mily_name 

Swaminathan Usha, Chandrasekaran Rajasekarn and Ramamoorthy Siva: 
Ethno veterinary medicine of the Shervaroy Hills of Eastern Ghats, India 
as alternative medicine for animals. Journal of Traditional and 
Complementary Medicine 2015. 

Himaja Trivedi M, Venkata Ramana K, Rama Krishna Reddy P, and Roa 
V. Ch: Evaluation of Anti-ulcer activity of Cordia Monoica Roxb Stem. 
IJPRS. 2013; 2(4):300-302. 


41. 


42. 


43. 


44. 
45. 


46. 


47. 


48. 


49. 


50. 


51. 


52. 


53. 


54. 


53; 


56. 


5S1 


58. 


59. 


60. 


6l. 


Himaja Trivedi M, Venkata Ramana K, Rama Krishna Reddy P, and Rao 
Ch: Evaluation of anti-inflammatory and analgesic activity of Cordia 
monoica ROXB roots. Journal of Global trends in pharmaceutical 
sciences 2014; 5(1):1450-1459. 

Kugo Linet Chepkemboi: Investigation of the anti-microbial and 
Pharmacological activities of Cordia Monoica. Kugo. Linetchepkemboi, 
University of Nairobi, B.Pharm dissertation. 2008. 

Omwenga EO, Okemo PO and Ogo IC: Ethnobotanical survey and 
Antimicrobial evaluation of Medicinal plants used by the Samburu 
community (Kenya) for treatment of Diarrhorea. Phocog Mag. 2009; 5 
:165-75 

Hartwell JL: Plant Used Against Cancer, Massachusetts 1982; 67-68. 
Rapisarda A, Ragusa S and De Pasquale A: Brine shrimp bio-assay of the 
leaves of some Cordia species. Medicines and foods ethno 
pharmacological approach 1993; 1:328-330. 

Harborne JB: Phytochemical Methods: A Guide to Modern Technique of 
Plant Analysis. 2nd ed. Chapman & Hall, London. 1984; 282. 

Kokate CK, Purohit AP and Gokhale SB: Pharmacognosy, 3rd edition, 
Nirali Prakashan, Pune. 1995. 

Monks A, Scudiero D, Skehan P, Shoemaker R, Paull K, Vistica D, Hose 
C, Langley J, Cronise P, Vaigro-Wolff A, Gray-Goodrich M, Campbell H 
and Mayo J Boyd: Feasibility of high flux anticancer drug screen using a 
diverse panel of cultured human tumour cell lines. Journal of the National 
Cancer Institute. 1991; 83:757-766. 

Sanjay Patel, Nirav Gheewala, Ashok Suthar, Anand Shah: In-vitro 
cytotoxicity activity of solanum nigrum extract against HeLa cell line and 
Vero cell line. International Journal of Pharmacy and Pharmaceutical 
Sciences. 2009; 1(1):38-40. 

Jegathambigai Rameshwar Naidu, Manish Gunjan, Yeng Chen, 
Sreenivasan Sasidharan: Evaluation of in-vitro cytotoxic activity of 
Ocimum basilicum and mentha spicata extracts. Asian j pharm clin res 
2016; 9(3):131-134. 

Eduardo Parisotto, Murray CJ and Ezzati M: The antitumor activity of 
extracts from Cordia verbenacea D.C. obtained by supercritical fluid 
extraction. The Journal of Supercritical Fluids. 2012; 101-107. 

Mosmann T: Rapid colorimetric assay for cellular growth and survival: 
application to proliferation and cytotoxicity assays. Journal of 
Immunological Methods. 1983; 65:55-63. 

Ursula Plockinger, Anne Couvelard, Massimo Falconi, Anders Sundin, 
Ramon Salazar, Emanuel Christ, Wouter W, de Herde, David Gross., et 
al., Consensus Guidelines for the Management of Patients with Digestive 
Neuroendocrine Tumors: Well-Differentiated Tumor/Carcinoma of the 
Appendix and Goblet Cell. Carcinoma Neuroendocrinology. 2014; 87:20- 
30. 

Leong CO, Gaskell M, Martin EA, Heydon RT, Farmer FB, Bibby MC., 
et al., Antitumor 2-(4- aminophenyl) benzoothiazoles generate DNA 
adducts in sensitive tumor cells in vitro and in vivo. Br J Cancer 2003; 
88: 470-477. 

Sivajoyhi V, Shruthi SD and Jasmin sajinii R: Cytotoxic effect of 
Heliotropium indicum extracts of HeLa cell lines. International Journal of 
Pharmacy and Pharmaceutical Sciences. 2015; 7(6):412-414. 

Scheffner M, Munger K, Byrne JC and Howley PM: The state of the p53 
and retinoblastoma genes in human cervical — carcinoma cell lines. Proc 
Natl Acad Sci. 1991; 88: 5523-5527. 

Endalkachew Nibret and Michael Wink Z Naturforsh: Trypanocidal and 
cytotoxic effect of 30 Ethiopian medicinal Plants. Verlag der Zeitschrift 
fur Naturforschung 2011; 66: 541-546. 

Dhivya A and Sivakumar R. Phytochemical analysis and invitro 
antioxidant evaluation of Cordia monoica (Roxb) leaf extract. 
International Journal of Innovative Pharmaceutical Sciences and 
Research. 2014; 2(12): 3001-3017. 

Dhivya A and Sivakumar R: GC- MS Profiling on ethanolic leaf extract 
of Cordia monoica (Roxb). International Journal of Advanced Research. 
2014; 2(9): 411-419. 

Gitanjali Tripathi and Debasish Pradhan: In-Vitro Anti Breast Cancer 
Activity of Syzygium Cumini against MCF-7 Cell Line. Journal of 
Innovations in Pharmaceutical and Biological Sciences 2015; 2 (2): 119- 
124. 

Homaira Afreen, Toufiq-Ul Amin, Md. Siddiqul Islam, Salma Parvin, 
Rayhanus Salam: In vitro phytochemical analysis and cytotoxic assay of 
leaves of Solanumlycopersicum Linn by brine shrimp bioassay. Journal of 
Innovations in Pharmaceutical and Biological Sciences 2016; 3 (3): 81- 
85. 


37 


